High-field designs could reduce the cost and complexity of tokamak reactors. Moreover, the certainty of achieving required plasma performance could be increased. Strong Ohmic heating could eliminate or significantly decrease auxiliary heating power requirements and high values of nr e could be obtained in modest-size plasmas. Other potential advantages are reactor operation at modest values of fl, capability of higher power density and wall loading, and possibility of operation with advanced fuel mixtures. Present experimental results and basic scaling relations imply that the parameter B2a, where B is the magnetic field and a is the minor radius, may be of speciai importance. A superhigh-field compact ignition experiment with very high values of B2a (e.g., B2a =150 T 2 m) has the potential of Ohmically heating to ignition. This short-pulse device would use inertially cooled copper plate magnets. Compact engineering test reactor and/or experimental hybrid reactor designs would use steady-state, water-cooled copper magnets and provide long-pulse operation. Design concepts are also described for demonstration/commercial reactors. These devices could use high-field superconducting magnets with 7-10 T at the plasma axis.
INTRODUCTION
Present experimental results and basic scaling relations imply that high-field tokamaks could provide a number of advantages for reactor development. These advantages could result in significant improvement in cost and simplicity as well as greater certainty of achieving required plasma performance. Strong Ohmic heating could increase certainty of heating to reactor temperatures and eliminate or substantially decrease auxiliary heating power requirements. Moreover, high values of n'r E could be obtained in modest-size plasmas. Other potential advantages are increased fusion power density and wall loading permitted by limits on plasma density, and DT reactor operation at relatively modest values of 1MIT Plasma Fusion Center, Cambridge, Massachusetts 02139.
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ft. The parameter B2a (where B is the magnetic field and a is the minor radius) may be of special importance. This paper discusses advantages for both test reactors and demonstration/commercial reactors in this context.
OHMIC-HEATED STARTUP
The plasma temperature attainable with Ohmic heating can be estimated by the power balance nj 2 = 1.5nkT/'r e + 1.5nkT /'r~ (1) where T is the plasma temperature, ~ is the plasma resistivity, j is the current density, "r e and ~i are the electron and ion energy confinement times, and n is the plasma density. We will assume that the electron and ion temperatures are equal and that ~ >> %. The electron energy confinement time is given by the Neo-Alcator scaling for ohmically heated plasmasO):
where R is the major radius. Radiation losses will be neglected. Since
and
(where B is the magnetic field, q is the safety factor at the plasma edge, and x is the elongation in an elliptical plasma), (1)- (4) give the result
For x less than about 2, the temperature is not strongly affected by elongation in an elliptical or D-shaped plasma. Operation at sufficiently high values of B 2a and low values of q could provide Ohmic heating to a temperature where substantial a-particle heating would increase the temperature to the fully ignited regime (where a-particle heating is much greater than Ohmic heating) (2), For n~u = 5 • cm -3 sec (where ~u is the total energy confinement time), the required central temperature for substantial a-particle heating is -4.5 keV.
The Alcator C tokamak provides central temperatures of ~ 2 keV at relatively high density (n ~ 3 • 1014cm -3 sec)with B=10 T, B2a=15 T 2 m, and q=2.5. For B2a=150 T 2 m, q=2.5, and ~=1.4, parameters that could be obtained in a compact copper magnet tokamak, scaling relation (5) gives T-5 keV. Hence it may be possible to Ohmically heat to ignition in such a device.
If pure Ohmic heating to ignition cannot be obtained, it may be advantageous to use "Ohmicheating dominated" startup where the auxiliary heating power (rf or neutral beams) is less than the Ohmic heating power (3). This type of startup could provide greater certainty of reaching the desired operating temperature, since the Neo-Alcator energy confinement scaling law for Ohmically heated plasmas may still apply. Moreover, it could result in a substantial reduction in the required auxiliary heating power. With strong Ohmic heating, less auxiliary heating power would, of course, be required for a given thermal loss mechanism. In addition, the degradation in energy confinement that could result from substantial auxiliary heating might be avoided.
If the "Neo-Alcator" scaling for the energy confinement time applies, the heating power P (Ohmic plus auxiliary) is
where V is the plasma volume. Hence, the heating of large plasmas (plasmas in more advanced test reactors and demonstration/commercial reactors) need not lead to larger power requirements.
FUSION POWER DENSITY AND WALL LOADING
If the plasma density is constrained by a Murakami limit (4), the allowed density is
A typical value for central density is
where B is in teslas, R is in meters, and q-~ 2.5. Here c a is a parameter which could be -1 for Ohmically heated plasmas and somewhat higher for auxiliary heated plasmas (and possibly a-particleheated plasmas). The fusion power density is
where av is the average of the fusion cross section times the velocity and EU is the energy produced per fusion reaction (17.6 MeV). Combining (8) and (9), we obtain
Pf < c~B2~cTv Ef/4R 2 (10)
The total wall loading (thermal plus neutron) is P~ ~ Pfa/2. Hence, according to (10), 
